ABSTRACT. Apolipoprotein (apo) C-III is a low-molecular-mass protein that is involved in the regulation of the triglyceride metabolism. Except for the hyperlipidemic calf, cattle apoC-III is mainly detected in the high-density lipoprotein (HDL) fraction, and the distribution in chylomicrons (CM) and the very low-density lipoprotein (VLDL) fraction has not yet been clarified. The purpose of the present study was to detect apoC-III in concentrated CM and VLDL fractions to examine whether apoC-III is distributed in the two fractions even in normolipidemic cattle. ApoC-III could be detected by immunoblot analysis in both concentrated cow CM and VLDL fractions, but not in the corresponding calf fractions. These results suggest that apoC-III is distributed in the CM and VLDL fractions, at least in cows, although the concentrations in these fractions are considerably lower than in the HDL fraction. KEY WORDS: apolipoprotein C-III, bovine, chylomicron, high-density lipoprotein, very low-density lipoprotein.
Apolipoprotein (apo) C-III, the low-molecular-mass protein mainly synthesized by the liver, is distributed in human plasma in chylomicrons (CM), very low-density lipoprotein (VLDL) and high-density lipoprotein (HDL) fractions. The apoC-III is associated with HDL in the fasting state, but it is transferred to the CM and VLDL fractions after the plasma triglycerides (TG) concentration is increased by absorption of dietary fat [1] . The total plasma concentration of apoC-III increases in patients with hypertriglyceridemia [3] . In mice, overexpression of apoC-III gene results in hypertriglyceridemia [2] , whereas disruption of the apoC-III gene induces hypotriglyceridemia [4] , thereby suggesting that apoC-III is involved in the regulation of metabolism of TG. In contrast to its human counterpart, cow apoC-III is mainly detected in the HDL fraction, not in the CM and VLDL fractions [10] . The re-distribution from HDL to the CM and VLDL fractions by feeding is not observed, probably because of the indistinct alimentary lipemia in cattle. An exceptional case of the distribution of apoC-III in the CM (higher concentration than in the HDL fraction) was found in a calf with hypertriglyceridemia [12] . The purpose of the present study was to examine whether apoC-III was distributed in the CM and VLDL fractions from normolipidemic cattle. For this purpose, immunoblot analysis, the most sensitive method for detection of apoC-III [11] , was applied to CM and VLDL fractions which had been extensively concentrated. The distribution of apoB-100 was also examined as a marker for VLDL.
Sera from 3 Holstein cows during midlactation (3 to 5 years old) and 3 male Holstein calves (2 to 5 days after birth) were used. Blood was collected in the morning (before feeding). Onto 32 to 44 ml of serum, a half volume of a density solution (d=1.006 g/ml, [8] ) was layered, and centrifuged at 26,000 × g for 30 min. The top layer (1/6 of total volume) was aspirated, and the next 1/6 layer was discarded. The collected fraction was washed twice by mixing it with 5 volumes of the density solution and centrifuging this mixture at 26,000 × g for 30 min, and used as the CM fraction. Onto the remaining solution after the first centrifugation, a half volume of the density solution was layered, centrifuged at 114,000 × g for 16 hr, and the top 1/6 layer was collected as the VLDL fraction. The CM and VLDL fractions were dialyzed against phosphate-buffered saline (PBS), and thereafter concentrated by an Amicon YM-10 (Millipore Corp, Bedford, MA, U.S.A.). Low-density lipoprotein (LDL) and HDL fractions were prepared from 4 ml each of cow and calf sera [8] . ApoC-III was purified from cow serum [10] . AntiapoC-III [11] and anti-apoB-100 [13] were raised in rabbits. Immunoblot analysis was performed as described previously [11] . Detection limits of the analysis were approximately 10 ng for apoC-III and 100 ng for apoB-100 under the conditions used. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was done using a Tricine-buffer system for apoC-III [10] and a glycine-buffer system for apoB-100 [8] . In the electrophoresis for apoB-100, a 5-20% gradient gel was used. The serum TG concentration was measured enzymatically.
SDS-PAGE and subsequent Coomassie Brilliant Blue staining of cow lipoprotein fractions revealed that apoC-III, apoA-I, apoA-IV and a 35 kDa protein were mainly distributed in the HDL fraction, whereas apoB-100 was in the LDL fraction (Fig. 1) . In the CM and VLDL fractions, except for serum albumin, bands of apolipoproteins including apoC-III and apoB-100 were not obviously observed. SDS-PAGE of calf lipoprotein fractions gave similar results (figure not shown).
ApoC-III was detected in HDL fractions from cow and calf sera by immunoblot analysis (Fig. 2) . The apoC-III band in cow HDL was denser than that in calf HDL, reflecting the higher apoC-III concentration in cows than in calves [9, 10] .
Neither cow nor calf apoC-III was detectable in the original (unconcentrated) CM and VLDL fractions even by use of immunoblotting. The cow apoC-III band became apparent when CM and VLDL fractions were concentrated, but the calf band did not.
From the densitometric data, together with concentrations of samples and electrophoretic conditions (dilution of HDL and volumes applied to wells), apoC-III concentrations in original CM and VLDL fractions (means of 3 estimations) were calculated to be 0.0924 µg/ml and 0.158 µg/ml, respectively. These values were approximately 1/1,100 and 1/650, respectively, of the HDL apoC-III concentration (102 µg/ ml). Bands for apoB-100 were visible in the original VLDL fractions (lanes 3 and 8), but not in the CM fractions (lanes 1 and 6). Both cow and calf apoB-100 bands were detected in the concentrated CM fractions, and the bands in the concentrated VLDL fractions became more distinct than in the original fractions. Serum TG concentrations were in the range of 10-30 mg/100 ml. TG concentrations were higher in calves than in cows, but were not significantly different.
The detection of apoC-III in both CM and VLDL fractions was not attributable to cross-contamination of the two fractions because apoB-100 was distinctly detected in cow and calf VLDL, but faintly in the CM fractions. It is also unlikely that the VLDL apoC-III was due to contamination by LDL, because of the extremely low LDL apoC-III concentration, as indicated in Fig. 1 and in previous studies [9, 10, 12] . Other than the liver, apoC-III is synthesized by the small intestine [5] . The origin of CM apoC-III seemed to be the small intestine. The transfer from the HDL fraction is less probable, because blood was collected before feeding. Lipid contents in the cow diet are low (less than 5%), and the major energy source for cows is volatile fatty acids produced in the rumen rather than long chain saturated fatty acids absorbed by the intestine [6] . This unique lipid metabolism appears to be the reason for the extremely low apoC-III concentration in the CM fraction. Cattle have another characteristic with respect to hepatic VLDL secretion, which is considerably low compared with nonruminants [7] . The low apoC-III concentration in the VLDL fraction may reflect the limited VLDL secretion in cattle.
We have previously shown that apoC-III concentrations of calves one to three months old (20-40 µg/ml [9] ) are lower than those of lactating cows (60-120 µg/ml [11] ). Indeed, calf HDL apoC-III showed lower density than cow HDL ( Fig. 2) . ApoC-III concentrations in calf fractions seemed to be too low to detect by immunoblotting, even after concentration by the Amicon YM-10 membrane. The cut-off value of this membrane is approximately 10 kDa, while molecular masses of apoC-III are 8.2 and 7.3 kDa (the latter is the major species) [10] . ApoC-III in HDL is not filtrated by the YM-10 membrane unless HDL is delipidated. The calf apoB-100 concentration is also lower than that in cows (Oikawa, unpublished results), but its content, particularly in the VLDL fraction, was sufficient for detection by immunoblot analysis. The apoB-100 band migrated more slowly than a 250 kDa marker protein, indicating that this band was not apoB-48. The apoB-48 band was not clearly seen. The reason for this is not known.
In conclusion, apoC-III was shown to be distributed in the CM and VLDL fractions at least in cows. The distribution in these fractions suggests that cow apoC-III is synthesized, although to a lesser extent, by the small intestine, and also that liver apoC-III is secreted with VLDL as well as with HDL. The lower apoC-III concentrations in the CM and VLDL fractions appear to reflect the unique properties of the lipid metabolism in cattle.
